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= Source Treatment Continuum

= What is In-situ Thermal Treatment & What It Can Offer
= Technology Overview

= Performance Monitoring Concepts and Strategies

= Performance Examples Similar to Velsicol Site
— Solvents
— Pesticides
— Combined Remedies

= Closing Thoughts
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What is Thermal Treatment?

= Subsurface heating for remediation of soil and groundwater
— Optimal application is treatment of NAPL source zones
— Three demonstrated methods; one additional considered emerging

— Coupled with fluid extraction for contaminant source removal &
recovery

= In-situ thermal treatment (ISTT) is a mature technology
— Evolved to a group of powerful and robust remediation technologies
— Applications number in the 100’s; mainly for chlorinated solvents

= Coming Soon to St. Louis
— Selected for NAPL/DBCP Area 1 and 2 on the former plant site
— Proposed for use at the former burn pit area



Subsurface Heating Effects

m Accelerate Mass Transfer

2.0
— Vaporization
— Increased solubility
— Enhanced desorption T =R — TCE
= Physical Removal J Water and TCE
— Stripping 2 1.0
— Displacement %
— NAPL Viscosity reduction T e
= Secondary
— Chemical destruction ——(Jlean water
+ Hydrolysis 0.0 | ‘ ‘ ‘
- Oxidation 0 20 40 60 80 100

— Microbial degradation Temperature (°C)
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heat af vaporization
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T (K)

heat of caporization (kJ/mol)

Second order polynomial regression on formula  on heat of vaporization calculated from the Thiesen relation
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Temperature (C)

Vapor pressure (Atm)

Vapor pressure of TCE calculated from heat of vaporization data using a second-order polynomium approximation to the Thiessen relation valid between 0 and 200 degrees C
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TCE vapor pressure calculated from three different regression equations
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								Vapor pressure calculations

		K		C		t				Antoine		Antoine

										TCE		PCE		Water		Water and TCE		Water and PCE		Water and TCE and PCE				Toluene		Naftalene				h		a		b		c		a+b+c

		273		0		273		0		0.02247		0.00525		0.00600		0.02847		0.01125		0.03372				0.00884		0.00002				35.82		11.67849		-8.6655906143		-32.8000745432		-29.7871751575

		283		10		283		10		0.04096		0.01001		0.01200		0.05296		0.02201		0.06297				0.01635		0.00006				35.32		10.33149		-7.5352528951		-27.9915732683		-25.1953361634

		293		20		293		20		0.07056		0.01808		0.02300		0.09356		0.04108		0.11164				0.02873		0.00016				34.80		8.98449		-6.4441710437		-23.5112973363		-20.9709783801

		298		25		298		25		0.09090		0.02385		0.03120		0.12210		0.05505		0.14595				0.03743		0.00024				34.54		8.31099		-5.912517073		-21.3839179928		-18.9854450659

		303		30		303		30		0.11578		0.03112		0.04200		0.15778		0.07312		0.18889				0.04824		0.00036				34.28		7.63749		-5.3897096699		-19.3267491887		-17.0789688586

		313		40		313		40		0.18204		0.05135		0.07300		0.25504		0.12435		0.30639				0.07783		0.00076				33.73		6.29049		-4.3694901723		-15.4095843093		-13.4885844815

		323		50		323		50		0.27576		0.08163		0.12000		0.39576		0.20163		0.47739				0.12119		0.00153				33.18		4.94349		-3.3813584234		-11.7349683388		-10.1728367622

		333		60		333		60		0.40422		0.12550		0.19500		0.59922		0.32050		0.72472				0.18282		0.00288				32.61		3.59649		-2.4233573839		-8.2810500242		-7.107917408

		343		70		343		70		0.57552		0.18726		0.31000		0.88552		0.49726		1.07278				0.26807		0.00517				32.02		2.24949		-1.4937037691		-5.0285263635		-4.2727401326

								73		0.63656		0.21002		0.35200		0.98856		0.56202		1.19858

								74		0.65798		0.21809		0.36700		1.02498		0.58509		1.24307

								77		0.72560		0.24383		0.41600		1.14160		0.65983		1.38543

		353		80		353		80		0.79845		0.27200		0.47000		1.26845		0.74200		1.54045				0.38316		0.00889				31.41		0.90249		-0.5907680702		-1.9602816637		-1.6485597339

		359.7		86.7		359.7		86.7		0.98133		0.34453		0.62000		1.60133		0.96453		1.94587				0.48044		0.01249				31.00		0.00000		0.00000		0.00000		0.00000

		363		90		363		90		1.08236		0.38561		0.70000		1.78236		1.08561		2.16797				0.53515		0.01468				30.79		-0.44451		0.2869426336		0.9389137412		0.7813463748

		373		100		373		100		1.43705		0.53478		1.00000		2.43705		1.53478		2.97184				0.73196		0.02341				30.14		-1.79151		1.1407995262		3.6826563095		3.0319458357

		393		120		393		120		2.39912		0.97049		1.97000		4.36912		2.94049		5.33960				1.29561		0.05428				28.76		-4.48551		2.7819035859		8.7512494509		7.0476430368

		408		135		408		135		3.38186		1.45153		3.10000		6.48186		4.55153		7.93339				1.90590		0.09521				27.66		-6.50601		3.9588202007		12.2265899688		9.6794001695

		423		150		423		150		4.62602		2.10084		4.60000		9.22602		6.70084		11.32686				2.71717		0.15879				26.47		-8.52651		5.0932394466		15.4554524357		12.0221818823

		438		165		438		165		6.16380		2.95370		6.90000		13.06380		9.85370		16.01750				3.76804		0.25347				25.19		-10.54701		6.188123745		18.4631599392		14.1042736842

		453		180		453		180		8.02522		4.04737		10.00000		18.02522		14.04737		22.07259				5.09859		0.38933				23.79		-12.56751		7.2461361636		21.2716815153		15.950307679

		473		200		473		200		11.05729		5.94691		15.20000		26.25729		21.14691		32.20420				7.37823		0.65500				21.67		-15.26151		8.6035826874		24.7392853217		18.0813580091

		493		220		493		220		14.76895														10.32396		1.04675				19.15		-17.95551		9.9048038294		27.9255419634		19.8748357927

		508		235		508		235		18.02646														13.02688		1.44481				16.80		-19.97601		10.8465326639		30.1505902775		21.0211129414

		523		250		523		250		21.70728														16.19499		1.95039				13.73		-21.99651		11.7608551819		32.2480067573		22.0123519392

		533		260		533		260		24.40232														18.58323		2.35567				10.77		-23.34351		12.3559487282		33.5806991547		22.5931378829

		540		267		540		267		26.40545														20.39287		2.67515				7.37		-24.28641		12.7659079459		34.4842152411		22.963713187

		544		271		544		271		27.59355														21.47942		2.87177				0.00		-24.82521		12.9977909172		34.9900703609		23.1626512781
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= Contaminant source removal
— Minimum residual mobility

= Mass flux reduction
= Synergy with remedies
= Rapid implementation

» Lower sensitivity to
— Contaminant mass
— Subsurface conditions

= Treatment in a variety of geologic settings

= Implementation around structures
— Even ones that are occupied (with appropriate care)

m Controlled extraction and treatment of contaminants




High price point and cost variability

Mechanically complex

Limited commercial suppliers (and they are often busy)
Typically area cannot be used during treatment

Can be impacted by high permeability zones; cold water inflow
Performance variability
Energy availability




Technology Overview




Just the Facts

= In-situ Thermal Treatment Key Components:
— Heat delivery technology

— Fluid extraction for contaminant recovery from groundwater and vapor

— Extracted fluid
treatment equipment

— In-situ temperature
monitoring systems

Thermal Contour Map
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Many Process Options to Consider

Steam Enhanced Extraction (SEE) High Permeability
Formations
(102 cm/s)
/
: : . « ~10%cm/s
Electrical Resistance Heating (ERH)
 Electro-Thermal Dynamic Stripping (ET-DSP ™)
 Six phase heating (SPH)
Thermal Conduction Heating (TCH) \ (10 cm/s)
* In-situ Thermal Desorption (ISTD) Low Permeat?lllty
* Gas Thermal Remediation (GTR) Formations
Y
- _ ) N
——  Emerging Heating Approach
- * Self-Sustaining Treatment for
~  Active Remediation (STAR)




Electrical Resistance Heating

= Soil electrical conductivity and
water boiling point govern heating
= Heating process

— Alternating current supplied to
subsurface electrodes

— Electrical resistance of soil
generates heat

= Temperature limited to boiling point
of water at local pressure

= Specific heating approaches vary
by technology provider

Image by MéMi//an-McGee Corp.

¥ Achievement




Thermal Conduction Heating

= Thermal conductivity governs = Ex-situ heating is also feasible
subsurface heating — In constructed concrete cells
= Heating process — In covered soil piles

— Accomplished using subsurface
high temperature heaters.

— Transfer heat by conduction to
the surrounding formation

= Treatment temperatures > 100°C
are readily attained

= Specific heating approaches vary
by technology provider

Image by GEO, In




TCH - In-situ Thermal Desorption

Treated vapor to
atmosphere

Vapor

treatment
Heater and shallow
vapor recovery wells

Knockout
pot

Vapor and groundwater
extraction wells

Heat
exchanger

Conduction heating power
distribution system

Vapor cover Water treatment
Discharge

Temperature and pressure
monitoring points

Treatment area foot -print
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TCH - Gas Thermal Remediation

GTR Thermal Control Unit

= Liquid or gaseous fuels
provide subsurface thermal

Clean Exhaust Air energy

vapor Scracton el w - Soil and groundwater are
heated to temperatures of
100-400°C by conduction

= Volatilized contaminants
are collected by soil vapor
extraction and treated ex-
situ

—
Inlet Air

U N
OO ((
O N

Image by GEO, Inc.




Vapor Extraction & Treatment is
Required

= Primary condensation
= Low mass - GAC

= High mass
— Thermal oxidation

— GEO Compression/
Condensation

CH2Z2MHILL. 15



So Which Technology Works Best? ' B

= All heating technologies yield excellent results
— With proper method selection and performance monltorlng
— All excel at source removal "

» Design considerations
— Contaminant characteristics
— Remediation objectives
— Treatment volume
— Lithology
— Site conditions
— Treatment time

= Performance monitoring




Subsurface Conditions Matter

| ERH or TCH are likely
| candidates for these conditions

TCH may be the only viable
candidate for sites with buried
metal
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Thermal Treatment Systems are
Readily Adapted to Site Conditions

OCCUPIED
RESIDENCE

CH2Z2MHILL. 18



Privacy Screen to Minimize Visual
Impacts of Treatment Area
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Urban Applications are
Well Documented

/
4
RN

Thermal treatment In
proximity to many
residential receptors

Cap, insulation and
aggressive fluid
extraction limit
heating of exterior
walls

CH2Z2MHILL. 20



Performance Monitoring

Concepts and Strategies
i




Monitoring Treatment Performance

= Subsurface temperature = Discrete sampling
— Lateral and vertical measurement — Extracted vapor concentration
— Real time monitoring — Extracted liquid concentration
= Post treatment sampling
= Temporal measurement — Soil and groundwater

— In-situ pressure
— Groundwater elevation

— Vapor concentration = Contaminant removal is
— Process parameters assessed in many ways using

* Vapor, temperature, flow multiple lines of evidence




Process Monitoring

Demonstrates Mass Removal

e=ms Cumulative Mass Removed (Ibs) —\ass Removal Rate (Ibs/day)
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Post-Treatment Sampling

CH2Z2MHILL. 24



Thermal Monitoring Tells All
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Temperature and Time

Control Treatment Performance

Temperature achieved, average (deg C)
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—Skuldelev Temperature [C]
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——Knullen Temperature [C]
—South Carolina Temperature [C]
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Data by TerraTherm, Inc.
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Treatment Temperature and Mass ‘-

Removal are Directly Correlated

100
—Skuldelev % of total mass recovered [%]
90 - ——Knullen % of total mass recovered [%] ( /
80 - —Endicott % of total mass recovered [%] /

—South Carolina % of total mass recovered [%] /
70

) /¢
o T Z

Data by TerraTherm, Inc.
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Soil Sampling Confirms Mass

Removal Observations

Concentration Skuldelev [mg/kg]
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Different Site — Similar Results

Depth [m bgs.]

Concentration Reerslev [mg/kg]
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Analysis of Process Monitoring Data

Determines Operation Endpoint

= Temperature and time control technology performance
— Thermal monitoring data document target temperature achievement
— Operation time at target temperature drives contaminant removal

» Instantaneous mass removal rate is measured with time
— Mass removal typically peaks around co-boiling temperature
— With increasing time and temperature removal rates decline

» Rate analysis yields cumulative contaminant mass removed
— Total mass removed approaches asymptotic conditions with time

= The simultaneous evaluation of temperature, time and
contaminant mass removal form the basis of the diminishing
returns analysis
— Results are the first line of evidence that treatment is complete




Performance Examples
Solvent Treatment




Performance Data lllustrates

Thermal Treatment Endpoint

Date
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Treatment Zone Temperature m E

Temperature (C)

Average Treatment Zone Temperature as a Function of Time
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Soil Borings Confirm Performance

Soil Sample Results MW00-318 / SB05-247
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Results Are Spatially Consistent m E

Soil Sample Results MW00-314 / SB05-246
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Concentration Reduction = Removal
Soil Sample Results MW00-313 / SB05-245
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Performance Example
Pesticide Treatment




Mass Removal Follows Heating

Temperature (°C)
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Soil Treatment

Performance Summary
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Performance - Groundwater
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Pre-ISTT2
Cleanup Goal

EE-2 EE2 s Post-ISTT

FF-2
(TCP)
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Performance Example
Combined Remedies




Oregon Solvent Site

= Voluntary cleanup of an active manufacturing site

= Solvent release to shallow groundwater
— NAPL source contaminates groundwater
— Dissolved contaminants migrate off site > 1000 feet

= In-situ thermal treatment selected for source removal
= Containment system installed for interim plume control

= Groundwater remedy deferred until ISTT was complete
— Source removal by ISTT was successful
— Removal immediately apparent on site groundwater

— Containment no longer needed; Natural in-situ biological processes
took over following contaminant source removal

= Combined remedy delivers No Further Action determination



Combined Remedy Approach

Example

~=-E-4 —+—E-7 -o-E-8 ——E-10
1000000

STEAM INJECTION HYDRAULIC CONTAINMENT

100000 5
3 IN-SITU BIOTREATMENT

TCE Concentration (ug/L)

MCL = 5 pg/L

Sep-01 May-02 Jan-03 Sep-03 May-04 Jan-05 Sep-05 May-06

Voluntary Cleanup Program — Private Industrial Site (Oregon)




Closing Thoughts for

In-situ Thermal Treatment

= Demonstrated and proven technology
— Applications number in the 100s
— Powerful treatment approach but highly site specific
— Big hammer
— Mechanically complex
— Among the most effective strategies for controlled source removal

= Time and temperature control performance
— Methods to reliably monitor spatial performance are well documented

= Discrete treatment footprint
— Minimizes disruption to surrounding setting
— Source removal occurs with the highest degree of control

= Source contaminants are removed and destroyed
— Statutory preference for treatment is fulfilled

CH2Z2MHILL.




Questions

Jason Cole
CH2M HILL

Direct (617) 626-7080
Mobile (865) 621-5349

jason.cole@ch2m.com
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